Abstract. The aim of the present study was to compare the expression of transcriptional coactivator with the PDZ-binding motif (TAZ) in pancreatic cancer (PC) patients, and to investigate the regulation mechanisms of TAZ in the proliferation of PC. PC tissues and matched peritumoral tissues, pancreatic juice and serum were collected from PC patients who underwent pancreatectomy between June 2012 and December 2015 at the Affiliated Hospital of Qingdao University (Qingdao, China). Pancreatic juice and serum were collected from patients with chronic pancreatitis as a control. The levels of taz mRNA expression in the samples were examined by reverse-transcription quantitative polymerase chain reaction, and the protein expression of TAZ was assessed by western blot analysis and ELISA. MicroRNAs (miRNAs) that regulate TAZ expression were also predicted by bioinformatics analysis and validated by dual luciferase reporter and rescue assays. In addition, the proliferation of PC cells was evaluated after transfection with TAZ small interfering RNA (siRNA) or its upstream miRNA agomir. Expression of TAZ was significantly increased in the PC tissues, pancreatic juice and serum of PC patients at the mRNA and protein levels compared with controls (P<0.05). Furthermore, TAZ was predicted and verified to be a target of miRNA (miR)-185, and miR-185 and TAZ were inversely expressed in samples from PC patients (P<0.05). In addition, TAZ siRNA or agomiR-185 transfection significantly inhibited human pancreatic adenocarcinoma cell proliferation (P<0.05). However, overexpression of TAZ in the agomiR-185 group rescued the inhibition (P<0.05). Finally, the expression of TAZ effector proteins, namely ankyrin repeat domain-containing protein and cysteine-rich 61, were upregulated in PC tissues (P<0.05), but repressed following transfection of PC cells with agomiR-185 (P<0.05). Thus, miR-185 may regulate the proliferation of PC by targeting TAZ, making it a promising diagnostic marker for PC.
Introduction
Pancreatic cancer (PC) is associated with high rates of morbidity and mortality. In the United States, the incidence and mortality rates of PC ranked 8 and 4th of all tumors, respectively (1, 2) . In China, the incidence of PC has been increasing yearly, and its incidence and mortality rates ranked 7 and 6th, respectively (3) . Therefore, PC is a common tumor of the digestive system.
At present there is no widely accepted screening method for the early detection of PC. Surgical treatment is currently used to prolong the survival rate of patients with PC; however, the 5-year survival rate of patients typically remains low (15-25%) following radical resection of the tumor (4) . Biomarkers are considered to be important in predicting the prognosis of PC (5-7), and numerous biological markers associated with PC have been identified by previous studies (8, 9) . In particular, transcriptional coactivator with PDZ-binding motif (TAZ), as a type of 14-3-3 binding protein, was identified in 2000 (10) . TAZ is a costimulatory protein transcription factor that contains a WW domain, and is involved in the proliferation, migration and metastasis of tumors through modulation of its target genes, including ankyrin repeat domain-containing protein (ANKRD), cysteine-rich 61 (CYR61) and connective tissue growth factor (11) (12) (13) (14) . The oncogenic role of TAZ in PC has been verified (15, 16) . More recently, studies into microRNAs (miRNAs) have demonstrated that upregulation of numerous miRNAs may suppress the development, proliferation and metastasis of tumors by regulating the expression of TAZ (17, 18) . However, to the best of our knowledge, no experimental or clinical studies have documented the potential roles of miRNA (miR)-185 in PC.
The present study investigated the expression of TAZ at the mRNA and protein levels in the tumor tissues, blood and pancreatic fluid of PC patients and controls using Sample collection. Paired human PC tissues and their matched peritumoral non-cancerous tissues were collected during surgery and stored in liquid nitrogen (-196˚C) until further analysis. Serum was collected from the peripheral blood of PC and chronic pancreatitis patients. Briefly, 10-15 ml peripheral blood was kept at 4˚C for 1-2 h, and serum in the upper layer was aspirated and centrifuged for 10 min at 400 x g and 4˚C.
The serum was then aliquoted and stored at -80˚C. A total of 10 ml pancreatic juice was also collected from PC and chronic pancreatitis patients during endoscopic retrograde cholangiopancreatography examination and stored at -80˚C.
Plasmid construction. The coding sequence (CDS) of the taz gene (10, 20) was cloned into a PCDNA 3.1 plasmid (Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA, USA) using a ClonExpress II One
Step Cloning kit (C112-01; Vazyme Biotech Co., Ltd., Nanjing, China) according to the manufacturer's protocol. The primers used for the clone were as follows: Taz CDS forward, 5'-CTA GCG TTT AAA  CTT AAG CTT ATG CCT CTG CAC GTG AAG TGG-3' and  reverse, 5'-CCA CAC TGG ACT AGT GGA TCC CTA TCT CCC  AGG CTG GAG GTG-3' , and the Taz CDS sequence was confirmed by sequencing (Sangon Biotech Co., Ltd., Shanghai, China) (21) . RNA extraction and RT-qPCR. Total RNA was isolated from HPAC/PANC-1 cells and patient samples using TRIzol ® isolation reagent (Thermo Fisher Scientific, Inc.) according to the manufacturer's instructions. RNA was quantified using Nanodrop 2000 (Thermo Fisher Scientific, Inc., Wilmington, DE, USA). mRNA (1 µg) was reverse transcribed using a TIANScriptII cDNA first strand cDNA synthesis kit (Tiangen Biotech Co., Ltd., Beijing, China) into cDNA. miRNA was reverse transcribed using a miRcute miRNA cDNA synthesis kit (Tiangen Biotech Co., Ltd.). qPCR was performed using a SuperReal PreMix (SYBR Green; Tiangen Biotech Co., Ltd.) for mRNA, or a miRcute miRNA qPCR detection kit (Tiangen Biotech Co., Ltd.) for miRNA. For mRNA amplification, the reaction mixture was incubated for 1 cycle at 95˚C for 30 sec, followed by 40 cycles at 95˚C for 10 sec and 62˚C for 40 sec. For miRNA, the reaction mixture was incubated for 1 cycle at 95˚C for 3 min, followed by 40 cycles at 95˚C for 12 sec, 62˚C for 35 sec and 72˚C for 15 sec. For mRNA amplification, the primers used were as follows: For TAZ, forward, 5'-CTT GGA TGT AGC CAT GAC CTT-3' and reverse, 5'-TCA ATC AAA ACC AGG CAA TG-3'; for β-actin, forward, 5'-CGG GAA ATC GTG CGT GAC-3' and reverse, 5'-CAG GAA GGA AGG CTG GAAG-3'; for ANKRD, forward, 5'-AGT AGA GGA ACT GGT CAC TGG-3' and reverse, 5'-TGG GCT AGA AGT GTC TTC AGAT-3'; for CYR61, forward, 5'-CCT TGT GGA CAG CCA GTGTA-3' and reverse, 5'-ACT TGG GCC GGT ATT TCT TC-3'; and for GAPDH, forward, 5'-CTCCTGCACCACCAACTGCT-3' and reverse, 5'-GGG CCA TCC ACA GTC TTC TG-3'. For miRNA, the primers used were as follows: For miR-185, forward, 5'-TGG AGA GAA AGG CAG TTC CTGA-3' and reverse, 5'-CGC TTC ACG AAT TTG CGT GTC AT-3'; and for small nuclear U6, forward, 5'-GCT TCG GCA GCA CAT ATA CTA AAAT-3' and reverse, 5'-CGC TTC ACG AAT TTG CGT GTC AT-3'. The relative expression levels were calculated using the 2 -ΔΔCq method (22) . The expressions of β-actin, GAPDH and U6 were used to normalize that of TAZ mRNA, ANKRD and CYR61 mRNA and miR-185, respectively. Each experiment was replicated three times.
MTT assay. PC cells were seeded into 96-well plates at a concentration of 2,000 cells/well in triplicate. After culturing by DMEM high glucose medium (HyClone; GE Healthcare Life Sciences, Logan, UT, USA) and FBS (Sangon Biotech Co., Ltd.) for 24, 48 and 72 h, 20 µl MTT reagent (5 mg/ml: Beyotime Institute of Biotechnology, Beijing, China) was added, and cells were incubated for another 4 h. On the last day of incubation, the culture supernatant was removed and 150 µl dimethyl sulfoxide was added and incubated at 37˚C for 4 h until a purple precipitate was visible. The absorbance was measured at 490 nm on a microplate reader. Cell growth curves were generated based on the absorbance values.
Western blot analysis. Proteins were extracted from HPAC/PANC-1 cells and patient samples by incubation with radioimmunoprecipitation assay buffer and the protease inhibitor phenylmethylsulfonyl fluoride (cat. no. KGP250; KeyGene Biotech, Jiangsu, China) according to the manufacturer's protocol. Protein concentration was determined using a bicinchoninic acid assay kit [RTP7102; Real-Times (Beijing) Biotechnology Co., Ltd., Beijing, China]. Next, 20 µg total protein per lane was separated by 10% SDS-PAGE and transferred onto polyvinylidene difluoride membranes. Following blocking by 5% skimmed milk for 2 h at room temperature, the membranes were probed with the following primary antibodies: Rabbit anti-TAZ (1:1,000; ab84927) or rabbit anti-β-actin (1:5,000; ab129348; both from Abcam, Cambridge, MA, USA) at 4˚C overnight. For detection, horseradish peroxidase (HRP)-conjugated goat anti-rabbit secondary antibodies (1:3,000; ab6721; Abcam) were used at room temperature for 1 h. Signal detection was conducted using an enhanced chemiluminescence reaction (ab65623; Abcam). The acquired images were analyzed using Image lab 3.0 software (Bio-Rad Laboratories, Inc., Hercules, CA, USA) and relative protein expression was expressed as the densitometric value ratio of TAZ band density to β-actin band density. Each experiment was replicated 3 times.
ELISA. Levels of TAZ protein in the serum and pancreatic fluid of patients were measured using a TAZ ELISA kit (FS-Ea-05614; Feng Shou Shi Ye Biotechnology Co., Ltd., Shanghai, China) according to the kit protocol. Briefly, 1:4 dilutions of serum samples and eight serial dilutions of standard substrate at a final volume of 50 µl were incubated overnight at 4˚C. Following incubation with HRP-conjugated secondary antibody for 1 h, samples were washed 5 times and the chromogenic substrate solution was added. The reaction was stopped with H 2 SO 4 and read at 450 nm by a Multiskan FC microplate reader (Thermo Fisher Scientific, Inc.).
Bioinformatics analysis.
To verify the miRNAs that may regulate the expression of TAZ, bioinformatics software (23-27), namely miRanda (http://www.microma.org/rnicroma/home.do), TargetScan (www.targetscan.org), PiTa (http://genie.weizmann.ac.il/pubs/mir07/mir07_data.html), RNAhybrid (http://bibiserv.techfak.uni-bielefeld.de/rnahybrid/) and PicTar (http://pictar.mdc-berlin.de/) were used for a reliable prediction of the miRNAs that may target taz mRNA.
Dual-luciferase reporter gene assay. According to results of the bioinformatics prediction, a conservative miR-185 binding sequence of the 3'untranslated region (UTR) of taz mRNA (wild-type; 5'-CAGAUGUUCUCUCC-3') or a mutant sequence (mutant; 5'-CAGAUGAAGAGAGG-3') was cloned as previously described (28) . Luciferase reporter plasmids were generated as previously described (28) by insertion of the wild-type or mutant taz sequences into the multiple cloning site (SpeI, 5'-AAGCTT-3' and HindIII, 5'-ACTAGT-3') of a pMIR-REPORT™ Luciferase plasmid (Thermo Fisher Scientific, Inc.) downstream of the luciferase reporter gene. 293T cells (1x10 5 per well) were transfected with 0.8 µg of the luciferase constructs and 100 nM agomiR-185 or NC RNA using Lipofectamine. A total of 10 ng pMIR-REPORT™ β-gal control plasmid (AM5795; Ambion; Thermo Fisher Scientific, Inc.) was transfected as an internal control to evaluate transfection efficiency. Luminescence was measured 24 h after transfection at 37˚C using a Dual-Luciferase ® Reporter Assay System (Promega Corporation, Madison, WI, USA) according to the manufacturer's instructions. Measurements of luminescence were conducted on a Glomax 20/20 Luminometer (Promega Corporation).
Statistical analysis. Data analysis was performed using SPSS 18.0 software (SPSS, Inc., Chicago, IL, USA) and expressed as the mean ± standard deviation. Normality tests were performed for all data. Differences between groups were evaluated for significance using one-way analysis of variance. Least significant difference or Student-Newman-Keuls tests were used when variances were equal, and Tamhane's T2 or Dunnett's T3 tests were used when variances were not equal. P<0.05 was considered to indicate a statistically significant difference.
Results
Taz mRNA is upregulated in the PC tissues, pancreatic juice and serum of PC patients. PC tissues and matched peritumoral tissues were collected from patients with PC. Pancreatic juice and serum were collected from PC patients and control patients with chronic pancreatitis. The expression of taz mRNA was assessed by RT-qPCR in the patient samples. The level of taz mRNA was significantly increased in PC tissues compared with that in peritumoral tissues (P<0.01; Fig. 1A) . Furthermore, relative to that in control patients, taz mRNA expression was significantly increased in the serum (P<0.01; Fig. 1B ) and pancreatic juice (P<0.05; Fig. 1C ) of PC patients. These results suggest that high levels of TAZ expression are correlated with PC.
TAZ protein is upregulated in the PC tissues, pancreatic juice and serum of PC patients. The expression of TAZ protein was subsequently assessed in PC tissues and matched peritumoral tissues by western blot analysis. The level of TAZ protein was upregulated in PC tissues compared with peritumoral tissues (P<0.01; Fig. 2A and B) . Thus, TAZ mRNA and protein were upregulated in PC, indicating that increased TAZ expression may regulate the development of PC. The expression of TAZ protein in the pancreatic juice and serum of PC and control patients was also investigated by ELISA, and revealed that samples from PC patients contained higher levels of TAZ protein (P<0.05 for serum and P<0.01 for pancreatic juice; Fig. 2C and D) . As blood is a common channel for tumor metastasis, upregulated expression of TAZ protein in the blood may influence the metastasis of PC. Furthermore, upregulated TAZ protein in the pancreatic juice may be due to the release of large quantities of DNA and proteins from the pancreas into the pancreatic juice.
TAZ is a target of miR-185. To evaluate the upstream regulator of TAZ, miRNAs complementary to the 3'UTR of TAZ were predicted using bioinformatics methods. An miR-185 binding site was identified in the 3'UTR of taz mRNA (Fig. 3A) . A dual-luciferase reporter assay was performed to confirm this prediction. Cotransfection with agomiR-185 and a wild-type pMIR-REPORT-TAZ construct significantly decreased luciferase activity when compared with cells cotransfected with NC RNA and the wild-type pMIR-REPORT-TAZ construct (P<0.05). However, cotransfection with agomiR-185 and a mutant pMIR-REPORT-TAZ construct did not reduce luciferase activity (Fig. 3B) . It was also observed that agomiR-185 transfection significantly downregulated the level of taz mRNA in HPACs (P<0.05 vs. NC; Fig. 3C ) when miR-185 was successfully overexpressed (P<0.01 vs. NC; Fig. 3D ). These results indicate that TAZ is a target of miR-185, and that miR-185 may regulate the expression of TAZ by binding to its 3'UTR and downregulating its expression at the mRNA level.
Expression of miR-185 in PC patients.
To further investigate the relationship between TAZ and miR-185 in PC, the expression of miR-185 was assessed by RT-qPCR in PC tissues and peritumoral tissues, and in the pancreatic juice and serum of PC and control patients. It was observed that miR-185 expression was significantly downregulated in PC tissues and samples from PC patients (P<0.05 for tissue and serum, P<0.01 for pancreatic juice; Fig. 4) . Collectively, these data suggest that miR-185 may contribute to the regulation of PC by targeting taz mRNA and subsequently modulating the level of TAZ protein.
Suppression of TAZ or agomiR-185 transfection inhibits the proliferation of PC cells.
To determine whether TAZ regulated the proliferation of PC cells, TAZ expression was suppressed in HPACs and PANC-1 cells. To obtain the best suppression efficiency, the first siRNA was chosen for the following studies ( Fig. 5) . The repression of TAZ expression was confirmed by RT-qPCR (Fig. 6A ) and western blot analysis (Fig. 6B and C) . In an MTT assay, it was observed that repression of TAZ significantly inhibited the proliferation rate of HPACs (Fig. 6D) and PANC-1 cells (Fig. 6E ) after 72 h (both P<0.05 vs. NC), suggesting a possible role of TAZ as an oncogene in the development of PC. As miR-185 was found to bind to the 3'UTR of taz mRNA, the potential role of miR-185 in regulating the development of PC was investigated. Similar to TAZ inhibition, it was observed that overexpression of miR-185 in HPACs significantly inhibited the rate of cell proliferation after 72 h, as determined by an MTT assay (P<0.01 vs. NC; 
TAZ works downstream of miR-185 to regulate cell proliferation.
The aforementioned results indicate that miR-185 inhibits cell proliferation while TAZ promotes cell proliferation. In addition, miR-185 potentially targets TAZ and downregulates its expression. Therefore, whether miR-185 regulated cell growth through TAZ was subsequently investigated. HPACs were cotransfected with agomiR-185 and TAZ CDS-expressing plasmid, or with agomiR-185 and empty plasmid. Cells cotransfected with NC and empty plasmid were used as a NC. Transfection with agomiR-185 significantly decreased TAZ expression at the mRNA (P<0.05 vs. NC) and protein (P<0.01 vs. NC) levels, and this repression was rescued by cotransfection with TAZ expression plasmid (P<0.05; Fig. 7A and B) . Results of an MTT assay also demonstrated that overexpression of miR-185 repressed cell proliferation at 48 and 72 h (P<0.05 and P<0.01, respectively, vs. NC), and upregulation of TAZ expression significantly rescued cell proliferation at 72 h (P<0.05; Fig. 7C ). Thus, targeting of TAZ by miR-185 may inhibit the proliferation of PC cells.
TAZ function in PC is dependent on its target proteins.
To determine whether upregulated TAZ in PC tissues served functional roles, the expressions of two reported targets of TAZ, ANKRD and CYR61 (14), were evaluated. As predicted, the mRNA expression of the target proteins was significantly upregulated in PC tissues compared with that in peritumoral tissues (P<0.05; Fig. 8A and B) , indicating that upregulated TAZ mediates the development of PC through its target proteins. It was subsequently determined whether miR-185 
Discussion
In the present study, the expression of TAZ at the mRNA and protein levels was analyzed in PC tissues, pancreatic juice and serum samples. Expression of miR-185, as the upstream regulator of TAZ, was also analyzed in these samples. In addition, the biological functions of TAZ and miR-185 in the development of PC were discussed.
The development of PC is a complex, multi-step process that involves multiple genes and epigenetic changes (29) . With developments in biological therapy, it is useful to clarify the pathogenesis of PC and to search for novel genes as potential therapeutic targets. The hippo signaling pathway, first identified in the 1990s through genetic screens in overgrown Drosophila, is a conserved signaling pathway that serves essential roles in the regulation of organ growth, stem cell function, regeneration and tumor suppression (30, 31) . The transcriptional coactivator Yes associated protein (YAP) and TAZ interact with transcriptional enhancer associate domain 14 in the nucleus to promote biological functions downstream of the hippo signaling pathway (32, 33) . Previous studies of TAZ/YAP demonstrated that overexpression of TAZ/YAP induced the epithelial-mesenchymal transition, inhibited apoptosis and promoted proliferation of tumor cells (34, 35) . Furthermore, Xie et al (36) documented that TAZ was expressed in 66.8% of patients with non-small cell lung cancer, and its expression was significantly associated with poorer differentiation and prognosis. Similarly, Yue et al (37) identified the expression of TAZ protein in 77.4% of gastric cancer samples, and high-level expression of TAZ was observed in a higher percentage of gastric cancer samples with a histology of signet ring cell carcinoma rather than adenocarcinoma. A study by Wang and Tang (38) also demonstrated that YAP/TAZ expression was significantly higher in liver cancer tissues than that in adjacent normal tissues, and their expression was associated with Committee on Cancer Staging stage and alpha fetoprotein expression. In the present study, significantly higher levels of TAZ mRNA and protein were detected in PC tissues compared with matched peritumoral tissues, which was in accordance with former reports (15, 16) , indicating that TAZ is involved in the occurrence and development of PC. Thus, ectopic expression of TAZ may be a critical factor for the occurrence of PC. Indeed, the present in vitro assays in HPACs revealed that cell proliferation was inhibited after TAZ siRNA transfection.
To elucidate the regulatory mechanism of TAZ expression, a bioinformatics analysis was performed. MiR-185 is considered to be closely associated with TAZ, as miR-185 is a potential upstream regulator of TAZ. Previous results have demonstrated that miR-185 is a potential target in the genetic prevention, diagnosis and treatment of multiple diseases (39) (40) (41) . For example, Kim et al (39) demonstrated that miR-185 effectively blocked cardiac hypertrophy signaling through multiple targets.. Furthermore, a study by Ma et al (40) revealed that miR-185 may inhibit cell proliferation and induce cell apoptosis by downregulating vascular endothelial growth factor A (VEGF-A) in Von Hippel-Lindau-inactivated clear cell renal cell carcinomas. Bao et al (41) also reported a role of miR-185 in the regulation of insulin secretion and β-cell growth in diabetes through its potential targeting of suppressor of cytokine signaling 3.
MiR-185 has also been implicated in the inhibition of breast cancer cell proliferation through its potential regulatory effects on the expression of c-Met and/or VEGF-A (42, 43) . In the present study, TAZ was identified as a target of miR-185 in a dual-luciferase reporter assay, and the interrelationship between miR-185 and TAZ expression was further evaluated. In the PC tissues, pancreatic juice and serum of PC patients, miR-185 and TAZ were inversely expressed. In addition, following agomiR-185 transfection in PC cells, the expression of taz mRNA was significantly decreased. Rescue assays also demonstrated that coexpression of TAZ with agomiR-185 alleviated the suppressive effects of agomiR-185 on cell proliferation, indicating that TAZ functions downstream of miR-185. Collectively, these results suggest that TAZ is a target of miR-185.
To verify that upregulated TAZ in PC patients served functional roles in the development of PC, the expression of two TAZ target proteins associated with cancer, namely ANKRD and CYR61 (14) , was investigated. The expression of ANKRD is typically induced in injured tissues, myometrial hypertrophy and denervated tissues, and is important in muscle metabolism and the maintenance of muscle tissue function (44) . A previous study demonstrated that its functions mainly involve the regulation of transcription levels, cell cycling and apoptosis, cytoskeletal stability and endocytosis activities (45) . CYR61 has been associated with cardiac cancer and is a biomarker of tumor metastasis (46) . In the process of tumor formation, CYR61 promotes angiogenesis and enhances cell proliferation (47) . Therefore, activation of ANKRD and CYR61 by upregulated TAZ in PC, as observed in the present study, may be a possible mechanism for the development of PC.
In conclusion, miR-185 regulated the development of PC by targeting taz mRNA, and the downregulation of TAZ protein expression resulted in the inhibition of cell proliferation. These functions of miR-185 and TAZ may have been achieved through the downstream effector proteins of TAZ. In future studies, it would be useful to detect the subcellular location and cell-specific expression of TAZ, and to specify the correlation of TAZ with clinicopathological indices of PC (age, gender, duke stages and TNM stages amongst others). In addition, further investigation into the underlying molecular mechanisms of the TAZ/miR-185 axis in PC may provide a theoretical basis for the prevention, diagnosis and treatment of PC.
